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Summary 
 
In this project, we seek to optimize the strength of a self-locking side bar in a cassava press for 
the Affordable Design and Entrepreneurship (ADE) team working with a community in Ghana. 
This process involves researching available material (mostly steel) and, through Finite Element 
Analysis (FEA), finding the smallest cross-sectional area, without resulting in permanent 
deformation of the bar. In our calculations, we assume the maximum press capacity to be 2000 
lb applied at a specified distance away from the bar, and search for a safety factor of at least 2. 
Our proposed bar design(s) will allow the press to be operated safely at its maximum press 
capacity.  
 
 

Background 
 
Cassava processors in rural Ghana rely on cost-effective mechanical presses to facilitate the 
dewatering of their product. A cassava press greatly reduces processing challenges by 
employing mechanical advantages to reduce necessary strength and effort. This activity’s 
learning objective is, primarily, to learn about design in a low-resource context. From the 
perspective of mechanical solids and structures, we will look at optimization under given load 
conditions. We also hope to aid in the cassava press design by applying classroom learning to a 
real-world problem. 
 
 

Project Material 
 
We will investigate three locking bar cross-sectional size options and observe whether they 
satisfy our safety factor minimum. With each of these sizes, we will run simulations for two 
different types of steel. A table of results will be provided, containing relevant material 
properties, cross-sectional dimensions, resulting stresses, and a safety factor accompanied by 
images of simulation results. We will also highlight our recommended option, and describe why 
we believe it would work best for the cassava press design.  
 
 
 



Process 
 

 
 

Figure 1: Free-body Diagrams and Side Views 
 
 

In our free-body diagram (seen above), we assumed that the motion of the horizontal bar 
was constrained by a coupling of forces created on the vertical bar in response to the force near 
the end of the horizontal bar. We arrived at our current force configuration by testing different 
configurations on a bar clamp, and noting how the forces worked to restrict motion. 

We simulated our model in a Solidworks static motion study by abstracting our system 
into a single vertical and horizontal beam, as opposed to the entire cassava press model. We 
made this decision knowing that the most relevant forces would be in this abstraction. The 
contact areas between the beams were small (~0.01”), and were created to allow us to proceed 
with a model the FEA solver could understand. The hole in our model was offset by 2 degrees, 
under the assumption that this is the offset required to make the horizontal beam lay flat when a 
2000 lb force is applied near its end. The hole was also sized to allow the vertical beam to move 
up and down freely when normal to the surface of the hole, much like a bar clamp. 

The boundary condition of our simulation was having the vertical bar be fixed at its lower 
end, and an offset of 3” between the hole and the lower end of the vertical bar. We applied a 
2000 lb force in a 1” diameter ring surrounding the circular hole at the end of the bar. This 
condition was created to simulate the pushing of a 1” diameter lead screw into the bar.  



 
Figure 2: (example for comparison) Effect of mesh control in same-stress application 

 
Our initial use of a coarse mesh yielded a low-quality simulation with averaged stresses, 

as opposed to the specific data we were looking for. Although our coarse mesh ran faster, we 
opted to run our mesh control at a very fine grade instead to allow for a better distribution of 
stresses. The fine mesh allowed us to better pinpoint stresses of concern, determine the area 
over which they were applied, and decide whether they were good representations of average 
stress in areas where we expect to have the highest stresses. 
 
 

 
 

Figure 3: Demonstration of fine mesh control in our FEA model 
 

  

https://www.comsol.com/blogs/singularities-in-finite-element-models-dealing-with-red-spots/


Results 
  
 

Configuration Bar width 
(in) 

Bar 
depth (in) 

Bar 
material 

Von Mises  
on vertical bar (psi) 

Yield 
strength (psi) 

Safet
y 
factor 

A 1.45 0.4375 AISI 1015 
Carbon 
Steel 

2.32E+04 4.71E+04 2.03 

B 1.50 0.375 AISI 1015 
Carbon 
Steel 

2.62E+04 4.71E+04 1.80 

C 1.55 0.3125 AISI 1015 
Carbon 
Steel 

5.37E+04 4.71E+04 0.88 

D 1.45 0.4375 AISI 1020  6.06E+03 5.10E+04 8.42 

E 1.50 0.3750 AISI 1020  1.78E+04 5.10E+04 2.86 

F 1.55 0.3125 AISI 1020  3.64E+04 5.10E+04 1.40 

 
These were our results for testing of two different low alloy steel materials and three different 
cross-sectional areas. Based on this information, we would recommend using Configuration D. 
The AISI 1020 material is desirable because of its greater yield strength, and the 1.45” x 
0.4375” (a.k.a. 7/16”) dimension would allow for a greater safety factor. We included below 
screenshots of where these stress regions were determined to be in relation to the point of 
maximum stress for the three configurations with the largest safety factors. 
 



  Configuration A 

Configuration D 

Configuration E 
 

Figure 4: FEA simulation results for configurations with safety factor > 2 
 
 

Diagnosis & Improvement 
 

A significant deterrent to our progress was translating our real-life system into a 
functioning simulation. Our solver does not allow part edges (one-dimensional entities) to mate 
with surfaces, because from an analysis standpoint edges have no area. However, this was the 
closest abstraction to how our real-world system behaved. After attempting numerous 
configurations, we finally ran a successful simulation: by chamfering the edges of contact into 
miniscule surfaces, we gave the FEA solver a tangible surface to compute with. We also 
realized that this was a better descriptor for our real-world system. As linear as our edges may 



appear, they deform slightly and are actually small surfaces that come into contact with the 
locking bar. After applying this fix, we were able to carry forward with our simulation. 

An improvement to our process may be applied in the form of reconfiguring the cassava 
press design. Its current design has proven to be difficult to work with, as safe stress distribution 
is difficult to satisfy, and room for reconfiguration is limited. A remodeling process may yield a 
more edit-friendly design with features that distribute stress over greater area, which would very 
much facilitate our process. However, we also understand that current design decisions were 
likely made as a compromise to benefit the design elsewhere.  

A second improvement to our process may be entering the project with more FEA 
knowledge. A significant amount of our time was concentrated on understanding Solidworks’ 
FEA solver, its features, and identifying its limitations. However, as this project was intended to 
be a learning process, we felt that our time spent on FEA comprehension was appropriate and 
appropriately scoped for the project. 

A third improvement we could make is incorporating other optimizing factors, like cost 
and availability, into a more holistic cross-benefit analysis table. Additional details like these 
may be useful in determining which material to carry forward with. However, were not supplied 
because we did not know the steel supplier for the project, and did not want to make incorrect 
assumptions. 
 

Reflection 
 

For our process, we learned how to create an accurate, yet workable, simulation with 
Solidworks FEA. We initially sought to model the system exactly how we visualized it intuitively, 
but found that this did not account for realistic factors, like small deformations and computable 
contact faces. We found that the more simplifications were made, the less the model 
represented our actual system, so we needed to decide which abstractions were reasonable for 
our configuration. Furthermore, because we had been accustomed to making assumptions like 
these in our hand-calculated models, we were challenged to think about the system from a 
higher level of function to decide which information was and was not important for the questions 
we wanted to answer.  
 


